Our assay accurately identified all the analyzed samples at the species level. 45 Furthermore, to enhance the utility of our assay, the PCR product amplified by 46 the family-specific primer set that was utilized as positive control was also used 47 for the identification of unknown (non-target) scallop species by DNA 48 sequencing analysis. In its present form, our multiplex PCR method can be of 49 great utility for different types of studies involving scallop species and for 50 research institutes and governmental agencies that regulate seafood 51 authentication around the world. 
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Introduction
Scallop species identification by decaplex PCR Fukuoka, Japan). The PCR master mix consisted of 50 ng of template DNA, 0.2 199 mM each dNTPs, 1X Ex Taq buffer (TaKaRa, Osaka, Japan), 0.5 µM each primer, 200 and 0.5 U of Ex Taq polymerase (TaKaRa, Japan) in a total volume of 20 µL. 201
Thermal cycling conditions were as following: initial denaturation for 5 min at 202 94 °C, followed by 27 cycles of denaturation for 15 s at 94 °C, annealing for 25 s 203 at 57 °C, and extension for 15 s at 72 °C, followed by a final extension of 3 min at 204 72 °C. Finally, PCR products were electrophoresed and visualized on 1.5% 205 agarose gel stained with ethidium bromide under UV light. 206
207
Decaplex PCR 208
In order to perform a rapid and cost-effective scallop species identification, a 209 total of 11 primers (Table 2) were combined in a multiplex PCR reaction: 8 210 species-specific reverse primers and one genus-specific reverse primer, with one 211 family-specific primer set Pect16BC forward and reverse (Marín et al. 2015) . We 212 expected to obtain two PCR products in each of the 9 target species: one species-213 specific band of different size length (amplified by each SSP and GSP and theScallop species identification by decaplex PCR were the same as described above. Furthermore, to confirm the reproducibility 223 and specificity of our decaplex PCR assay, three additional TaKaRa PCR enzymes 224 (Emerald Amp Master Premix, Sapphire Amp Fast PCR Master Mix, and HS 225 Perfect Mix) were tested using 4 fresh and processed (when available) 226 individuals per species, using the same decaplex primer concentrations 227 described above and following manufacture's instructions. PCR products were 228 visualized in a 1.5% agarose electrophoresis gel. Besides, in our experimental 229 design, one additional scallop species, Amusium pleuronectes, was included. This 230 DNA template was intended to amplify only the positive control band. The single 231 PCR product obtained was further sequenced using an ABI PRISM 3130XL 232
Genetic Analyzer (Applied Biosystems, Hitachi, Tokyo, Japan). The species 233 identification of the obtained DNA sequence was performed using the NCBI web 234
Blast service. 235
236
RFLP assay for differentiation between P. maximus and P. albicans 237 Due to the low genetic distance between P. maximus and P. albicans, the GSPScallop species identification by decaplex PCR species). PCR reactions consisted of 50 ng of template DNA, 0.2 mM each dNTPs, 247 1X Ex Taq buffer (TaKaRa, Japan), 0.25 µM of the Pect16BCF and Pect16BCR 248 primers (each), and 0.5 U of Ex Taq polymerase (TaKaRa, Japan) in a total 249 volume of 20 µL. Thermal cycling conditions were as following: initial 250 denaturation for 5 min at 94 °C, followed by 30 cycles of denaturation for 15 s at 251 94 °C, annealing for 25 s at 60 °C, and extension for 30 s at 72 °C, followed by a 252 final extension of 5 min at 72 °C. Subsequently, 5 µL of PCR products were 253 digested using HaeIII (Roche Diagnostics, Mannheim, Germany). Enzymatic 254 digestions were performed following manufacture's instructions in a final 255 volume of 20 µL and incubated at 37 °C overnight. Digested fragments were 256 visualized in a 1.5 % agarose gel under UV light. 257
258
Results
259
Primers specificity and decaplex PCR 260 All SSPs were designed to yield PCR products of different length for each species 261 in combination with the common forward primer. All SSP showed high 262 specificity, reflected in clear and unambiguous species identification by 263 visualization of amplicons of different sizes in agarose gel (see Table 1 for 264 species sample size information). Decaplex PCR amplification resulted in one 265 species-specific band for each species, ranging from 113 in M. yessoensis to 918 266 bp in A. macassarensis, plus the positive control product that ranged from 600 to 267 700 bp, depending on species (Fig. 1) . The different length sizes of the positive 268 control products were due to the presence of indels and gaps found after the 269 were authenticated in this study. Even though some processed samples (i.e. 284 smoked and canned) showed relatively low (Nanodrop 260/280 ratio: 1.4 to 1.5) 285 to medium (Nanodrop 260/280 ratio: 1.6 to 1.7) DNA purity probably due to 286 physical treatment and contamination by food additives, it was sufficient for PCR 287 analysis. Thus a 100% success PCR amplification rate for all processed samples 288 was obtained. After multiplex PCR amplification, we found that all products 289 contained the species declared in their labels. However, only one presentation 290 displayed the scientific name on its label, whereas in all the other samples onlyScallop species identification by decaplex PCR
293
Alternative utility of the positive control amplicon 294
In order to enhance the effectiveness of our multiplex assay, we intentionally 295 included a Pectinidae family-specific primer set as the positive control. The aim 296 of this was to assure the amplification of any scallop species. In such a way, if an 297 unknown scallop species (different than the 9 species targeted herein) is 298 analyzed with our assay, at least a positive control PCR product will be obtained. 299
The unknown sample can be identified by further analysis (e.g. BLAST, DNA 300 barcoding). To demonstrate this, we included the DNA of one "unknown and non 301 target" species that in fact was extracted from one fresh individual of the Asian 302 moon scallop (A. pleuronectes, BLAST nucleotide sequence match 100% identity). 303
After multiplex PCR, the single positive amplicon was purified and sequenced. 304
The sequence was deposited in GenBank database under the accession number 305 KM502555. The submission of this novel sequence is a contribution to the DNA 306 barcoding of the family Pectinidae species list based on the 5' end of the 16S 307 rRNA gene (Marín et al. 2015) . 308
309
HaeIII RFLP assay for identification of P. maximus and P. albicans 310
In P. maximus and P. albicans the primers Pect16BCF and Pect16BCR amplified a 311 fragment of 654 and 655 bp respectively. After DNA sequence analysis, a unique 312 restriction site was identified only for P. albicans in the position 369 bp. Thus, a 313 digestion reaction by HaeIII yielded two diagnostic bands of 286 and 369 bp in P. 314 albicans. The 654-bp amplicon of P. maximus remained uncut (Fig. 2) , whichScallop species identification by decaplex PCR allowed a clear discrimination between these Pecten species by agarose gel 316 visualization. A total of 14 and 19 individuals of P. maximus and P. albicans were 317 successfully identified with this RFLP assay, respectively. 318
319
Discussion 320
There are different DNA based assays that have been successfully applied for 321 seafood species identification. Nonetheless, most of these procedures require 322 further secondary analyses (sequencing, endonuclease digestion, fingerprinting, 323 phylogenetic analysis) resulting in extra time and cost (Marín et al. 2013) . In this 324 study, we selected the SSPs design and multiplex PCR amplification method 325 because it allows a simple, accurate, cost-effective and timesaving species 326 identification. The main drawback of this technique is that prior sequence 327 knowledge from the targeted species is required for primer design. This need 328 was fulfilled by a previous study on DNA barcoding based on the variability of 329 the 5' end of the 16S RNA gene in Pectinidae (Marín et al. 2015) . 330
Mitochondrial DNA has been widely used as a source of molecular 331 markers for species identification. An accelerated evolutionary rate, reflected in 332 a significant amount of sequence divergence in closely related species, and lack 333 of introns make the mitochondrial DNA suitable for species identification (Yang, 334 Feng et al. 2011; Marín et al. 2013) . This is probably 356 because of the existence of universal primer sets designed to amplify a partial 357 region of the 3' end, which have been widely used for researchers in 358 phylogenetic, forensic, DNA barcoding, population structure studies, etc (Marín 359 et al. 2015) . However, the occurrence of large stretches with high degree of 360 sequence conservation within this region restricts the design of SSPs to a limited 361 number of species, especially when working with highly related or congeneric 362 species (e.g. Marín et al. 2013) . On the other hand, the 5' end of the 16S gene in 363
Scallop species identification by decaplex PCR the family Pectinidae is characterized for a higher interspecific molecular 364 divergence, which allowed the clear identification of 14 scallop species by DNA 365 barcoding approach (Marín et al. 2015) . Furthermore, the low intraspecific 366 variation found at the 5' end of the 16S gene (0 to 0.1%, Marín et al. 2015) makes 367 this region an ideal target to design markers for scallop species identification. 368
To evaluate the performance of our multiplex PCR assay using different 369
Taq DNA polymerase enzymes, three additional PCR kits were assayed. The same 370 primer concentrations were used for all the PCR reactions, which resulted in 371 consistent results allowing an unambiguous species identification. Each Taq 372 polymerase enzymes achieved different PCR amplification times. HS Perfect Mix 373 (TaKaRa) reached the shortest time (40 min). Nevertheless, we chose to show 374 the amplification results only for Ex Taq polymerase (TaKaRa, Japan) because we 375 consider this enzyme of standard use in more laboratories (among all the 376 enzymes used in this study). 377
Except for the weak unspecific PCR product amplified by the primer 378
ArPu228R by cross-reaction with non-target A. irradians template, all our SSPs 379
showed only specific amplification when tested against non-target scallopScallop species identification by decaplex PCR yessoensis and A. irradians included heavily processed presentations (e.g. 388 canned). The small PCR amplicon sizes intentionally designed for these species 389 increased the chance of successful PCR amplification using its degraded target 390 DNA. However, in some canned samples, a weak positive control band was 391 obtained, due to the higher molecular size amplicon and degraded target DNA. 392
Thus, caution must be taken if canned presentations or heavily degraded target 393 DNA from other scallop species are analyzed with our assay, especially when 394 using the SSPs designed to amplify PCR products higher than 400 bp. 395
The restriction enzyme HaeIII was successfully applied for the accurate 396 differentiation between P. maximus and P. albicans. Even though an additional 397 RFLP analysis was necessary for the discrimination between these two species, 398 this assay can be useful for routine taxonomic surveys. Nowadays, P. albicans is 399 commercialized only spontaneously in some Japanese local markets, and there is 400 neither exportation nor processing industry of this species. Whereas P. maximus 401 is commonly commercialized throughout Europe as fresh and processed food. 402
Thus, it is unlikely that those two scallop species occur in the same market. We 403 encourage the design of further assays for the discrimination among more Pecten 404 species such as P. jacobeus (Mediterranean Sea), P. sulcicostatus (South Africa), P. 405 fumatus (Australia) and P. novaezelandiae (New Zealand). All aforementioned 406
Pecten species have similar morphological appearance and represent 407 commercially important fisheries. 408
The present study provided some important advantages over previous 409 related studies. Previous reports on scallop species identification by SSPsScallop species identification by decaplex PCR 2005; Marshall et al. 2007; Marín et al. 2013 ) that occur or are sold in the same 412 geographic region, thus restricting the utility of those assays only to a limited 413 group of researchers or institutes. In this study, by designing GSP and SSPs for a 414 total of nine scallop species, which occur naturally or artificially in five 415 continents and most of them are shipped internationally, the utility of our 416 multiplex assay was outstandingly increased. Besides, our assay showed to be 417 more advantageous not only because it addressed the deficit of SSPs of 418 commercially important scallop species by developing a relatively higher 419 number of SSPs, but also because of the secondary potential utility of the positive 420 control reaction. Typically, multiplex PCR assays include a positive control as an 421 indicator for any enzymatic failure during PCR reaction. Indeed, in our multiplex 422 assay, the family-specific primer set used as positive control has an essential 423 secondary function: it can be used as a "wildcard" reaction because it will amplify 424 the DNA from every Pectinidae species. Therefore, our assay is not only useful 425 for the identification of the 9 target species analyzed herein, but also for many 426 more members of the Pectinidae family. If only the positive control PCR product 427 from an unknown scallop species is obtained, it can be further sequenced and 428 identified using BLAST or DNA barcoding. To demonstrate the utility of the 429 positive control reaction contained in the multiplex PCR cocktail, we included the 430 DNA of one more scallop species, A. pleuronectes, which was expected to produce 431 one single band amplified only by the Pectinidae family-specific primer set. This 432 Scallop species identification by decaplex PCR All scallop species identified in this study are of high commercial 435 importance, and most of them are commercialized internationally. Consequently, 436 in its present form, our multiplex PCR method is of great utility and could be 437 easily used as a commercial kit by laboratories from different research institutes 438 and governmental agencies that regulate seafood labeling around the world. Scallop species identification by decaplex PCR maximus (lanes 1 to 5) amplified by the Pectinidae family-specific primer set 575 Pect16BC was uncut, whereas the 655 bp size amplicon amplified by the 576 same family-specific primers in P. albicans (lanes 6 to 10) resulted in two 577 diagnostic fragments of 286 and 369 bp. M: 100 bp ladder 578
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Alignment of a partial fragment of the 5' end of the 16S gene in 9 scallop 580 species showing their species-specific reverse primer site locations. Target 
